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Abstract
Purpose of Review Athletic neurosurgical emergencies are
injuries that can lead to mortality or significant morbidity
and require immediate recognition and treatment. This review
article discusses the epidemiology of sports-related traumatic
brain injury (TBI) with an attempt to quantify the incidence of
neurosurgical emergencies in sports. Emergencies such as in-
tracranial hemorrhage, second impact syndrome, vascular in-
juries, and seizures are discussed.
Recent Findings The incidence of sports-related TBI present-
ing to level I or II trauma centers in the USA is about 10 in
100,000 population per year. About 14 % of the adult sports-
related TBIs and 13 % of the pediatric sports-related TBIs
were moderate or severe in nature. Patients presenting with
headache and neck pain should prompt further investigation
for cervical spine and vascular injuries. CT angiography is
becoming the modality of choice to screen for blunt cerebro-
vascular injuries. The treatment of these injuries remains
controversial.
Summary High-quality evidence in sports-related TBI is lack-
ing. Further research is required to help guide management of
this increasingly prevalent condition. The role of prevention
and education should also not be underestimated.
Keywords Neurosurgical emergencies . Sports-related TBI .
Traumatic brain injury . Second impact syndrome
Introduction
Athletic injuries are common, but injuries involving the brain
or spinal cord are less so. Concussions, a subset of mild trau-
matic brain injuries (mTBI), are the most common type of
head injury and have received significant recent media atten-
tion [1•, 2]. While there can be significant sequelae of a con-
cussion, management generally involves removal from play
and supportive care while symptoms are present. The current
article focuses on those injuries of the brain and spinal cord
that represent a significant immediate risk of deterioration and
whose recognition and treatment may prevent progressive dis-
ability or death. Neurological deficits presenting during an
athletic contest should warrant prompt medical attention to
evaluate for these conditions that may need immediate care.
Epidemiology
In the USA, TBI was a contributing factor in 30.5 % of injury-
related deaths [3]. According to the CDC, about 1.7 million
TBIs present to emergency departments annually. The propor-
tion of TBIs related to athletic injuries is unclear. It has been
estimated that 3.8 million sports-related TBIs occur annually,
including those who did not seek medical care [4]. It is likely
that the moderate and severe TBIs (as determined by Glasgow
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Coma Scale [GCS] of 9–12 and 3–8, respectively) were more
likely to present to emergency departments compared to the
mild TBIs (GCS 13–15).
Recently, a group from UCSF has utilized data from the
National Sample Program of the National Trauma Data Bank
to describe the incidence of pediatric and adult sports-related
traumatic brain injury in US Trauma Centers [5•, 6•]. They
estimated that 18,310 adult and 11,614 pediatric TBIs present
to level I or level II trauma centers in the USA each year. This
represents an incidence of almost 10 in 100,000 athletic-
associated TBIs per year in the USA. About 14 % of the adult
sports-related TBIs and 13 % of the pediatric sports-related
TBIs were moderate or severe in nature. In the adult popula-
tion, mortality after sports-related TBI was 3.1 %. Of those
sports-related deaths, roller sports (4.1 %) and aquatic sports
(7.7 %) were the activities associated with the highest death
rates. In children, the mortality was 0.8 % of sports-related
TBI. The authors found that the severity of head and extracra-
nial injuries predicted prolonged hospital and ICU stays, med-
ical complications, failure to discharge home, and death, with
age and hypotension being additional predictors for the adult
population but not for children [5•, 6•].
In Nova Scotia where there was an estimated pediatric
population of 200,000, the Nova Scotia Trauma Registry re-
corded 107 pediatric major trauma cases related to sports over
a 13-year period [7•]. About 52 % were classified as severe
TBIs (Abbreviated Injury Scale [AIS]-90 head score ≥3). This
translates into an incidence of approximately 2.2 severe TBIs
per 100,000 populations per year. Cycling represented 55% of
the major sports-related trauma, and 54 % of the cycling inju-
ries were severe TBIs.
Sports-Specific Injuries
Sports injuries can be broadly classified according to mecha-
nism (penetrating versus blunt injuries) and structure (vascular
versus parenchymal injuries). The mechanisms of injury lead-
ing to neurosurgical emergencies are often sports-specific, as
demonstrated by high-profile cases reported in the media
(Table 1).
Intracranial Hemorrhage
Sports injuries resulting in intracranial hemorrhage such as
acute subdural hematoma (ASDH), epidural hematoma
(EDH), and intracerebral hemorrhage (ICH) typically occur
through sports with the potential for high-energy collisions
such as motorsports (formula racing, rallying), boardsports
(skateboarding, snowboarding), and skiing. Patients on
anticoagulation are particularly challenging to manage. The
topic of anticoagulation in the neurosurgical patient has re-
cently been extensively reviewed [8].
A recent systematic review and meta-analysis of cohort
studies found that in ASDH patients (of all causes, including
sports) who presented with bilateral fixed and dilated pupils,
the mortality after undergoing surgery was 66 % while only
6.6 % achieved a favorable Glasgow Outcome Scale (GOS)
score [9]. In the EDH cohort, the mortality was found to be
almost 30 %, and 54 % achieved a favorable GOS. While age
has been shown to be a predictive factor for poorer outcomes
[10], Bage bias^ in terms of the patient management in certain
regions may have confounded this issue [11].
Second Impact Syndrome
The concept that a second impact leading to a catastrophic
brain injury after a concussion was thought to be first de-
scribed by Schneider in 1973 [12, 13]. The term Bsecond
impact^ was then used by Saunders and Harbaugh in their
1984 report of a case of a 19-year-old college football player
who developed brain swelling leading to death after playing
football with no apparent trauma [13]. It became clear that this
patient had received a blow to the head 4 days prior and was
still symptomatic when he resumed contact play. The autopsy
findings led the authors to speculate that the catastrophic brain
edema was a result of reduced brain compliance from the
recent head injury. Nonetheless, the existence of second im-
pact syndrome (SIS) has previously been challenged [14].
A recent systematic review investigated the cases pub-
lished in the literature to identify unique criteria for assigning
the diagnosis of SIS [15]. Of the eight articles included in their
final analysis, the authors found that young adults or adoles-
cents, brain swelling, herniation, and acute subdural hemato-
ma were the common features in most cases. However, the
authors concluded that the development of a unique
International Classification of Diseases (ICD) diagnosis
of SIS was not supported by the evidence available in
the literature, citing the overlapping symptoms with vari-
ous other conditions, the lack of an established timeline
between the head impacts, and the mixed results of the
presence of imaging findings as reasons. Despite the lack
of convincing evidence, an approach of ensuring the res-
olution of symptoms prior to return to play is advocated
in current return to play guidelines [1•].
Vascular Injuries
There is no epidemiological literature on vascular injuries that
is specific to the athletic population. Vascular injury will be a
rare injury in the athletic setting but in the trauma literature,
blunt cervical vascular injuries (BCVI) can occur in the setting
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of high-energy impacts and can have the potential to lead to
embolic stroke and death. These injuries are typically caused
by impingement of the vessel by a bony surface, by stretching
or tearing during vigorous rotation of the neck, or by spinal or
skull base fractures lacerating the vessel. The resulting intimal
tear predisposes to thrombus formation that can lead to complete
vessel occlusion or distal emboli. Pseudoaneurysms or complete
transections are significantly less common types of BCVI.
Typically, symptomatic patients present with headaches,
neck pain, Horner’s syndrome, or stroke. As headaches and
neck pain are common in the TBI population, a high index of
suspicion for a vascular injury should be present. A review of
headaches in intracranial and cervical artery dissections was
undertaken in a previous issue of this journal [16]. Patients
presenting with these symptoms after a sports-related TBI
should prompt investigation for cervical spine fracture and
BCVI. Cervical spine fracture has previously been shown to
be an independent predictor of blunt vertebral artery injury
[17•, 18•]. Other high-risk features that should warrant screen-
ing for BCVI have been defined in the Denver criteria [17•,
19•, 20, 21]. These include basilar skull fractures, Lefort II and
III fractures, and penetrating injuries. The Denver group has
also introduced a grading scale for BCVIs which correlated
with the risk of stroke—grade I (luminal irregularity or dis-
section with <25 % luminal stenosis), grade II (dissection or
intramural hematoma with ≥25 % luminal stenosis,
intraluminal thrombus, or raised intimal flap), grade III
(pseudoaneurysm), grade IV (occlusion), and grade V
(transection) [19•].
Recent literature suggests that cerebral infarctions may oc-
cur prior to presentation or shortly after arrival [22–27].
Cothren and colleagues argued for comprehensive screening
and early diagnosis based on their findings of stroke in 21 %
of their BCVI patients [28], although that percentage varies
with other series [22–26, 29]. Out of their cohort of 301 pa-
tients with BCVIs, 3.7 % were due to snowboarding, and
1.7 % were due to bicycling. While the authors acknowledged
the subgroup of 11 patients who presented with neurologic
symptoms of stroke within 1–2 h, they have noted that another
subgroup of 34 patients also exist where these patients
remained asymptomatic in the first 2 h, but subsequently de-
veloped stroke with a mean time of 75 h.
In terms of screening modality, digital subtraction angiog-
raphy (DSA) is considered to be the gold standard diagnostic
test, although computed tomography angiography (CTA) has
been shown to have a good sensitivity as a screening modality
and is used in many institutions [30••, 31].
The most appropriate treatment of vascular injury remains
a topic of debate. Anticoagulant and antiplatelet agents carry
the risk of hemorrhagic complications especially in a trauma
cohort but may lessen the risk of developing a thrombus and
an ischemic complication [32]. Endovascular intervention
may have a role in the treatment of pseudoaneurysms, but
concerns have been raised about the procedure-related com-
plications [33]. Open surgical repair is only rarely warranted.
Guidelines for the management of BCVI have been published
in the trauma literature [34••, 35••].
Seizures
Seizure is perhaps one of the most dramatic manifesta-
tions of acute sports-related head injury. While rare, con-
vulsive episodes following mild traumatic brain injury
represent an important diagnostic dilemma. It is estimated
that up to one in 70 patients with concussion experience a
concussive convulsion immediately following impact
[36]. This may include an immediate tonic phase followed
by a clonic or myoclonic phase lasting several minutes.
Post-ictal state is either absent or very brief. Previously
referred to as impact seizures, these episodes are more
frequently referred to as concussive convulsion to empha-
size the non-epileptic nature of these events [37].
Although the exact pathophysiology of these events is
unclear, the dominant theory incorporates the concept of
rapid, non-discriminate release of excitatory neurotrans-
mitters at the time of impact, followed shortly by spread-
ing depression. This is believed to result in loss of cortical
inhibition, which in turn results in transient functional
decerebration, which manifests as concussive convulsion
Table 1 Non-exhaustive list of high-profile sports-related neurosurgical emergencies based on media reports
Case Year Sports Injury Outcome
Vladimir Smirnov 1982 Fencing (foil) Penetrating brain injury through orbit Death
Clint Malarchuk 1989 Ice hockey Severed carotid artery and internal jugular vein Good recovery
Christopher Reeve 1995 Equestrian (cross country) C1-2 fracture, SCI Severely disabled
Zachary Lystedt 2006 Football Bilateral subdural hematoma Severely disabled
Richard Zednik 2008 Ice hockey Lacerated external carotid artery Good recovery
Natasha Richardson 2009 Skiing (off-piste) Epidural hematoma Death
Michael Schumacher 2013 Skiing (off-piste) TBI, exact injuries unknown Severely disabled
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[36, 38•]. Studies have demonstrated that there is no cor-
relation between the presence of concussive convulsion
and adverse clinical or radiographic outcome, and there
is no increased risk of post-traumatic epilepsy. Therefore,
no specific treatment is necessary beyond immediate sup-
portive care and airway protection. There is no indication
for anticonvulsant therapy [39]. Due to the benign nature
of concussive convulsion, it is not considered a concus-
sion modifier for the purposes of classifying concussion
severity and guiding return to play or other post-
concussion counseling [1•].
Seizures may also represent a manifestation of an un-
derlying parenchymal brain injury however. In the pre-
hospital setting, prolonged seizure activity may indicate a
more severe head injury, potentially with structural brain
injury such as intracranial contusion or extra-axial hema-
toma. Prolonged seizure activity warrants hospital trans-
fer and cranial imaging.
Post-traumatic seizures are typically divided into early
seizures, occurring within 1 week of injury, and late sei-
zures, occurring more than 1 week after injury. Estimated
risk of post-traumatic seizures varies from 2 to 25 % and
risk increases with head injury severity [40]. Prolonged
unconsciousness or post-traumatic amnesia, particularly
beyond 24 h, are both recognized as risk factors [41].
Penetrating injury has the strongest correlation with
post-traumatic seizures, with estimates up to 53 %.
Patients with severe or penetrating head injury should
receive seizure prophylaxis for at least 7 days. It should
be recognized, however, that this decreases the risk of
early seizures but does not significantly reduce the risk
of late seizures or post-traumatic epilepsy [40, 41].
Neck Injuries, Penetrating Injuries, CSF Leak,
Incidental Findings
Cervical spine fractures are a concern in sports injuries. As
discussed in the section on vascular injuries above, the sudden
onset of severe neck pain should raise suspicion for vascular
injuries, cervical spine fractures, and ligamentous injuries.
These patients should be stabilized according to the advanced
trauma life support (ATLS) protocol immediately, with specif-
ic emphasis on head and neck immobilization. They should be
removed from the field of play and transferred to the emer-
gency room as soon as possible. Occasionally, blows to the
head have concomitant transfer of forces to the cervical
spine that may present with spinal concussion-like symp-
toms. Due to the potential for unstable cervical spine in-
juries, any patient with a neurological deficit, even tran-
sient, should be treated as if they also have a cervical
spine injury until proven otherwise [42, 43].
Penetrating cranial or spinal injuries need immediate
hospital transfer for definitive care. In general, the pene-
trating object should not be removed but should be stabi-
lized for transport. Cerebrospinal fluid (CSF) leak
(otorrhea or rhinorrhea) may be associated with penetrat-
ing injury or with fractures through the skull base. An
athlete with drainage from the ear or nose consistent with
a CSF leak will require immediate medical evaluation due
to the high risk of meningitis.
A proportion of sports injuries may reveal incidental find-
ings in the brain and spinal cord, or trigger the symptom onset
of these lesions. For example, an AVM might bleed after a
blow to the head. An athlete with a type I Chiari malformation
may experience Lhermitte’s sign (masquerading as
Bstingers^) or may be quadriplegic from head trauma.
Despite the rare occurrence of these scenarios, there should
be a low threshold for transfer to an emergency room for
further evaluation and management.
Concluding remarks
As we begin to further our understanding of TBIs, the
role of prevention should also be acknowledged. One of
the focuses of this area is on the use of helmets. Rapid
design and technological improvements have given rise
to a range of measurements to evaluate the protective
effect of these helmets [44]. How these translate into
the prevention of head injuries remains to be seen. The
role of education, rule changes, and legislation should
also not be underestimated in the quest to prevent
sports-related TBIs [45].
While neurosurgical emergencies in sports can have
devastating consequences, the relative rarity of these
emergencies in the athletic setting has resulted in few
treatment recommendations specific to athletics.
Prospective longitudinal population studies and TBI in-
jury registries should be encouraged. In the meantime, it
is reasonable to extrapolate principles from the non-
athletic trauma literature to support decisions regarding
diagnosis and treatment. Any athlete exhibiting neurolog-
ical symptoms on the field or after an athletic contest
requires an expeditious medical evaluation.
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